




















































































































































































































Abundance, Sources, Form of Occurrence, Concentration, Significance, Maximum 
Constituent Level and Method of Removal for Selected Dissolved 

Chemical Constituents and Related Properties of Water 
<llemical 

Constituent 
or Property 
(<llemical 
Symbol) 

Uraniwn 
(U) 

Vanadian 
(V) 

Zinc 
(Zn) 

Dissolved 
Solids 

Abundance, Sources, Ionic Fonn(s) of Occurrence 
and Concentration in Naaural and Other Waters 

Uranium, a moderatelyabundantradioactive actinide metallic 
element with relatively weak radioacti\ity, occurs in various 
igneous, metamorphic and sedimentary rocks. The uranium 
nuclide is the starting point in a radioactive decay series that 
ends with the stable isotope, lead-206. The primary uranium­
bearing minerals are uraninite, pitchblende, carontite and 
uranyl nityrate. The ionic forms of uranium found in ground 
water are the cations uo2 +I. u +2, and u +4 and the anions 
U02(C0)2-2, U02(0H)3-1 andothercomplexanionicforms. 
Industrial Uses and Sources: Used for nuclear power, nuclear 
weapons, and paint manufacturing; also, uranium is used in 
medical research as a radiation source., in scientific research 
to produce various isotopes and for the production of the 
artificial elements neptunium and plutonium. Most natural 
waters have concentrations ranging between 0.0001 and 0.01 
mg/1. Concentrationsofl.O mg/1 to about 15 mg/1 have been 
detected in natural waters in and near uranium-bearing rocks 
and ore bodies. 

Vanad1um, a relatively rare transition metallic element, is 
found in the minerals patronite, vanadinite and carrotite 
which occur in certain lead and urani1um ore deposit'>. The 
dominant ionic forms of vanadium in ground water are V +5 
anionic complexes with oxide and hydwxide. Industrial Uses 
and Sources: Manufacture and production of special steels 
for locomotive, automobile, and truck cylinders, pistons and 
bushings, and for high speed tools and die blocks; and also 
used as a catalyst. Alloys of vanadium are very rust and 
corrm.ion resistant. Its aqueous geochemistry is rather 
complicated, and fairly high solubility can be expected in 
oxidizing alkaline environ men to; around ore bodies. However, 
natur<1l waters rarely have concentrations greater than 0.01 
mg/1. Concentration of a few tenths. of a mg/1 have been 
detected in acidic (low pH) waters from thermal springs. 

Zinc is. a moderately abundant metallic element in crustal 
rocks, occurring in such minerals as sphalerite, zincite, 
franklinite, smithsonite, willemite and hemimorphite. The 
ionic form of zinc in ground water is the cation Zn +2. 
Industrial Uses and Sources: Used widely in galvanizing, 
electroplating and metallurgy, and in the manufacturte and 
production of paints, rubber, cosmeti.cs, plastics, soap, paper, 
and >ynthetic fibers. Natural waters have a median 
concentration of0.02 mg/1. Waters effected by mine drainage 
commonly contain 0.1 mg/1 or more· of zinc. 

Dissolved solids (OS) are the apprOJ<imate total amount of 
mine::al constituents dissolved in water. The measured OS 
conc<:ntration is used in Texas to cla.s.sify waters according to 
various degrees of salinity. Waters containing 1,000 mg/1 or 
less DS are considered fresh; those containing 1,001 to 3,000 
mg/1 OS are slightly saline; those containing 3,001 to 10,000 
mg/1 OS are moderately saline; those containing 10,001 to 
35,000 mg/1 OS are very saline; and those with more than 
35,0()0 mg/1 OS are brines. Usable waters commonly contain 
3,000 mg/1 OS or less. Some brines contain as much as 
300,000 mg/1 OS. 
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Drinking Water Standard Maximwn Con.tituent 

l...ew!l (MCL) and Method of Removal 

Uranium is not known to be an essential element for human 
metabolic needs. It can cause various cancers, and is a bone 
seeking radioactive element much like radium. The critical 
organ for its toxicity is the kidney. The known impact of 
uranium in water quality is related to the toxicity from its 
radioactive disintegration products such as radium-226 (see 
radium) and its alpha particle emissions (see gross alpha). 
MCL has not been determined. Method of Removal: 
Distillation, reverse osmosis or ion exchange. 

Vanadium may or may not be an essential element for human 
metabolic needs. The effect of a deficiency is unknown. Adverse 
effects from excessive concentrations may include 
inflammation of the stomach and intestines (gastroenteritis), 
producing diarrhea, abdominal cramps, nausea, vomiting and 
fever. MCL has not been determined. Method of Removal: 
Distillation, reverse osmosis or ion exchange. 

Zinc is an essential element for human metabolic needs. The 
average daily intake by an adult human from drinking waters 
is0.39 mg/daywhich is3 percent of the average daily intake of 
13 mg/day from food, water, and air. A deficiency may result 
in reduced appetite and growth. Adverse effect., from excessive 
concentrations may include irritability, muscle stiffness and 
pain, loss of appetite, and nausea. Secondary drinking water 
standard MCL is 5.0 mg/1. Method of Removal: Reverse 
osmosis, distillation, or ion exchange. 

The Texas Department of Health ( 1988) secondary drinking 
water standard MCL is 1,000 mg/1 for dissolved solids. It is 
recommended that waters having dissolved solids 
concentrations exceeding this MCL not be used for drinking 
purposes, if other less mineralized water supplies are available. 
For many purposes, the dissolved-solids concentration is a 
major limitation on water use. Method ofRemoval: Distillation, 
ion exchange or reverse osmosis. 
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Constituent Level and Method of Removal for Selected Dissolved 

Chemical Constituents and Related Prop_ertles of Water 
01emical 

Conlltituent 
or Property 
(<llemical 
Symbol) 

HardneMas 
(CaCO~) 

Conductivity or 
Specific 

Conductance 
(micromhos per 

centimeter at 
250C) 

Hydrogen Ion 
Concentration 

(pH) 

Abundance, Sources, Ionic Fonn(s) of Occurrence 
and Concentration in Natural and Ocher Waters 

Hardness of water is caused principally by calcium and 
magnesium ions, but barium and strontium, free acid ions, 
and heavy-metal ions contribute to hardness also. Hardness as 
CaC0

3 
is equal to Ca +Mg+Ba+Sr(me/l)x50.05. If Ba and Sr 

are not measured, the hardness as [CaCO!I (mg/1) x 2.5] + [Mg 
{mg/1) x '1.1]. Non carbonate hardness (mg/1) equivalent 
CaC03 is t~qual to (me/1 hardness- me/1 alkalinity) x 50.05. 
Water with hardness as CaCO!I of 0 to 60 mg/1 is considered 
soft, of61 to 120 mg/1 is considered mod•erately hard, of 121 
to 180 mg/1 is considered hard, and of more than 180 mg/1 is 
considered very hard. Most ground waters in Texas are hard to 
very hard. 

Conducti\'ity is an indicator of the salinity or mineral content 
of water, and can be used to estimate the dissolved-solids 
concentration. The approximate dissolved solids of most waters 
in mg/1 isusuallyabout65percentofthe measured concudtivity 
of the wat·er. Much higher percentages usually are associated 
with waters high in sulfate. 

Acids, acid-generating salL'i, and free carbon dioxide in waters 
lower the pH. Carbonates, bicarbonates, hydroxides, 
phosphates, silicates, and borates raise the pH. The pH of most 
ground water ranges from 6.0 to 9.0. 

Percent SodiWll As an indicator of the sodium hazard of irrigation waters. 
(% Na) C .. alculatcd a'> follows by using me/1: 

%Na = Na(100) (Na+K+Mg+Ca) 

Signif"acant, TeXM Department of Heald! (1988) 
Drinking Water Standard Maximwn Conlltituent 

Lewl (MQ.) and Method of Removal 

Water low in hardness causes corrosion of metallic surfaces. 
Hard water consumes excessive amounts of soap, and causes 
the deposit of soap curd on bathtubs. Hard water forms scale 
in boilers, water heaters, hot water using appliances and 
pipes. Hardness equivalent to COs and HCOs is called 
carbonate hardness. Any hardness in excess of this is called 
non-carbonate hardness. A carbonate hardness value of less 
than 100 mg/1 is considered desirable for domestic use. MCL 
has not been determined. Method of Removal: Distillation, 
reverse osmosis and ion exchange. 

Conductivity is a measure of the electrical conductivity of 
water and varies with the amount of dissolved solids in the 
water. MCL has not been determined. The conductivity of 
water is used to determine the salinity hazard of irrigation 
waters. A conductivity of 2,250 micromhos/cm probably 
represents the upper limit of salinity that should be considered 
as being safe for use of the water for supplemental irrigation. 

A pH of7.0 indicates the neutrality of a solution. Values of pH 
higher than 7.0 denote increasing alkalinity, while values of 
pH lower than 7.0 indicate increasing acidity. The pH is a 
measure of the activity of the hydrogen ions in solution. It 
may be expressed using hydrogen ion (H +1) concentration 
rather than the activity. The corrosiveness of water generally 
increases with decreasing pH. However, excessively alkaline 
waters with very high pH may also attack metals. Secondary 
drinking water standard is 7.0 or greater. 

Percent sodium is the ratio of the sodium ions to total cations 
times 100. A sodium percentage exceeding 60 percent is a 
warning of a sodium hazard. Continued irrigation with this 
type of water will impair the tilth and permeability of the soi I. 

r·-----------;r-------------------------------------------------4-------------------------------------------------~ 

Sodium 
Adsorption 
Ratio (SAR) 

Residual 
Sodium 

Carbonate 
(RSC) 

An indicator of the sodium hazard of irrigation waters. 
Calculatc·d as follows using me/1: 

SAR = Na/ v (Ca + Mg/2 

An indicator of the sodium hazard of irrigation waters. 
Calculated as follows using me/1: 

RSC = (C03+HC03) - (Ca+Mg) 
or 
RSC = 0.02 (Total Alkalinity- Hardness) 
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The SARis the ratio for soil extracts and irrigation waters used 
to express the relative activity of sodium ions in exchange 
1·eactions with the soil. An SAR of 14 is probably the upper 
limit for waters that can be safely used for supplemental 
irrigation. 

As calcium and magnesium precipitates as carbonates in the 
soil, the relative proportion of sodium in the water is increased. 
Waters having 1.25 to 2.50 me/1 ofRSC are probably marginal 
for irrigation use, and those having greater than 2.50 me/1 
RSC probably are not suited for irrigation. 
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APPENDIXB 
Water Quality Summaries for the Paleozoic 

and Cretaceous Aquifers 



The following tables provide water-quality summaries for the named aquifers. 

Aquifer: Hickory. 
Approximate 

Nwnberof Constituent Percent Distribution 
MCL Analys«~S Concentrations in Study Area Exceed Exceed 

Constituent (mg/1) Made Range (mg/1) Average (mg/1) Average MCL 

Nitrate 44.3 35 <0.4 to 111 7.6 20 3 
Fluoride 4.0 37 0.2 to 2.4 0.8 22 0 
Fluoride 2.0 37 0.2 to 2.4 0.8 22 3 
Chloride 300 48 10 to 653 83 31 4 
Sulfate 300 48 7 to 267 55 31 0 
Dissolved 1,000 45 320 to 1,610 554 36 8 
Solids 

Sodium 20 42 7 to 240 60 38 62 
Hardness as None 41 120 to 690 369 51 
CaC03 

Aquifer: Mid-Cambrian 
Approximate 

Nwnberof Constituent Percent Distribution 
MCL AnalysE~S Concentrations in Study Area Exceed Exceed 

Constituent (mg/1) Made Range (mg/1) Average (mg/1) Average MCL 

Nitrate 43.3 31 <0.4 to 265 23.9 26 10 
Fluoride 4.0 10 0.4 to 4.0 1.4 20 0 
Fluoride 2.0 10 0.4 to 4.0 1.4 20 20 
Chl01ide 300 33 7 to 378 50 27 3 
Sulfate 300 33 7 to 103 30 24 0 
Dissolved 
Solids 1,000 32 240 to 966 491 41 0 
Sodium 20 28 1 to 320 46 29 46 
Hardness as None 29 108 to 634 369 55 
CaC03 

Aquifer: Ellenburger-San Saba 

Approximate ~ 
Nwnberof Constituent Percent Distribution 

MCL Analyses Concentrations in Study Area Exceed Exceed 
Constituent (~/1) Made Range (mg/1) Average (mg/1) Average MCL 

Nitrate 43.3 37 <0.4 to 56 11.8 32 5 
Fluoride 4.0 38 0.1 to 1.7 0.5 45 0 
Fluoride 2.0 38 0.1 to 1.7 0.5 45 0 

Chl01ide 300 50 9 to 122 38 34 0 

Sulfate 300 50 8 to 91 35 42 0 

Dissolved 1,000 38 317 to 718 452 47 0 

Solids 
Sodium 20 37 6 to 61 24 41 ~)1 

Hardness as None 50 260 to 626 384 40 

CaC03 
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Marble FalbJ 
Approximate 

Nwnberof Constituent Percent Dimibution 
MCI. Analyses Concentrations in Study Area Exceed Exceed 

nstituent ( /1) Made e( I) Ave ( I) e MCI. 

Nitrate 44.3 11 1.8 to 705 131 18 27 
Fluoride 4.0 4 0.1 to 0.4 0.2 25 0 
Fluoride 2.0 4 0.1 to 0.4 0.2 25 0 
Chloride 300 16 15 to 167 53 25 0 
Sulfate 300 15 11 to 136 30 27 0 
Dissolved 1,000 12 339 to 1,560 580 17 17 
Solids 

Sodium 20 10 2 to80 21 40 50 
Hardness as None 15 252 to 1,120 459 27 
CaC03 

Aquifer: Lower Trinity 
Approximate 

Nwnberof Constituent Percent Distribution 
MCI. Analyses Concentrations in Study Area Exceed Exceed 

~nstituent (mg/1) Made Range (mg/1) Average (mg/1) Average MCI. 

Nitrate 44.3 88 <0.4 to 69 4.3 24 2 
Fluoride 4.0 95 0.0 to 5.3 1.8 39 8 
Fluoride 2.0 95 0.0 to 5.3 1.8 39 34 
Chloride 300 94 11 to 2,440 173 18 13 
Sulfate 300 94 15 to 1,790 265 33 31 
Dissolved 1,000 95 239 to 4,663 969 35 35 
Solids 

Sodium 20 91 6 to 1,500 183 35 80 
Hardness as None 87 61 to 1,920 373 34 
CaC03 

Aquifer: Middle Trinity 
Approximate 

Nwnberof Constituent Percent Distribution 
MCI. Analyses Concentrations in Study Area Exceed Exceed 

Constituent (mg/1) Made Range (mg/1) Average (mg/1) Average MCL 

Nitrate 44.3 249 <0.4 to 155 6.3 17 3 
Fluoride 4.0 264 0.0 to 7.0 B-3 1.5 39 7 
Fluoride 2.0 264 0.0 to 7.0 1.5 39 25 
Chloride 300 277 4 to 620 46 23 2 
Sulfate 300 281 2 to 3,360 252 22 20 
Dissolved 1,000 266 179 to 5,690 704 28 15 
Solids 

Sodium 20 271 2 to 1,020 49 27 52 
Hardness as None 284 91 to 3,060 545 24 
CaC03 

B-2 



Aquifer: Upper Trinity 
Approximate 

Number of Constituent Percent Distribution 
MCL Analyses Concentrations in Study Area Exceed Exceed 

Constituent (mg/1) Made Range (mg/1) Average (mg/1) Average MCL 

Nitrate 44.3 135 <0.4 to 88 5.1 24 2 
Fluoride 4.0 128 0.0 to 5.5 1.4 35 6 
Fluoride 2.0 128 0.0 to 5.5 1.4 35 28 
Chloride 300 148 2 to 640 27 18 <1 
Sulfate 300 149 4 to 2,370 360 26 26 
Dissolved 1,000 139 227 to 4,758 860 25 20 
Solids 

Sodium 20 140 4 to 1,050 26 20 24 
Hardness as None 145 206 to 2,460 680 27 
CaC03 

Aquifer: Edwards Plateau 
Approximate 

Number of Constituent Percent Distribution 
MCL Analyses Concentrations in Study Area Exceed Exceed 

Constituent (mg/1) Made Range (mg/1) Average (mg/1) Average MCL 

Nitrate 43.3 105 <04 to 384 19.0 23 10 
Fluoride 4.0 100 0.0 to 0.8 0.3 22 0 
Fluoride 2.0 100 0.0 to 0.8 0.3 22 0 
Chloride 300 108 2 to 256 33 32 0 
Sulfate 300 106 <4 to 130 14 30 0 
Dissolved 1,000 105 105 to 1,310 357 34 1 
Solids 

Sodium 20 105 <1 to 150 20 32 32 
Hardness as None 108 101 to 539 295 49 
CaC03 
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APPENDIX C 

Distribution of Nitrate, Fluoride and 
Sulfate Concentrations by Range in 

Concentration Categories, Averages and 
Medians for the Paleozoic and 

Cretaceous Aquifers 

Appendix C-l .....•.......... Nitrate 
Appendix C-2 ............. Fluroide 
Appendix C-3 ................ Sulfate 
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Distribution of Nitrate Concentrations 
by Range in Concentration Categories, Averages and 
Medians for thE~ Paleozoic and Cretaceous Aquifers 

Cl-1 



n ...... 
NJ 

The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for the Hickory aquifer. 

Distribution By 
Ranges in Concentration Categories in 

County(s) Number of Milligrams Per Liter (mgll) 
and Other Analyses <0.4 to 1.0 1.1 to 5.0 5.1 to 10.6 10.7 to 44 

Blanco and 
Gillespie 35 19 9 

Percent 
Distribution 100 54.3 25.7 

By Categories 

Range in 
Analyses <0.4-0.8 1.1-3.5 

Arithmetic 
Averages 0.3± 2.2 

Analyses 
Medians 0.40± 2.30 

Category 
Medians 0.50 3.05 

Notes: 2.9% Exceed Primary Standard MCL of 44.3 mg/1. 
14.3% Exceed Regional Average of 10.6 mg/1. 
45.7% Exceed Ambient Levd of 1.0 mgll or less. 

2 4 

5.7 11.4 

9.0-9.4 15-43 

9.2 28 

9.20 29.00 

7.85 27.35 

Average and Median 
Concentrations 

Arithmetic Analyses Category 
Averages Medians Median 

>44.3 (mgll) (mg/1) (mg/1) 

7.6 56 

2.9 

111 

111 7.6 

111 7.8 

111 7.8 



The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for the Mid-Cambrian aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/1) Average.s Medians Median 
and Other Analyses <0.4 to 1.0 1.1to5.0 5.1 to 10.6 10.7 to 44 >44.3 (mgll) (mg/1) (mg/1) 

Blanco and 
Gillespie 31 7 5 6 10 3 23.9 133 

Percent 
Distribution 100 22.6 16.1 19.4 32.2 9.7 

By Categories 

Range in 
Analyses <0.4-1.0 1.1-5.0 6.0-10.0 15-41 58-265 

Arithmetic 

(j Averages 0.2± 2.9 7.3 25 144 23.9 -cjQ 
Analyses 
Medians 0.50± 3.05 8.00 28.00 162 26.9 

Category 
Medians 0.50 3.05 7.85 27.35 162 26.6 

Notes: 9.7o/o Exceed Primary Standard MCL of 44.3 mg/1. 
41.9o/o Exceed Regional Average of 10.6 mg/1. 
77.4o/o Exceed Ambient Level of 1.0 mg/1 or less. 
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The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for the Ellenburger-San Saba aquifer. 

County(s) 
and Other 

Blanco and 
Gillespie 

Percent 
Distribution 

By Categories 

Range in 
Analyses 

Arithmetic 
Averages 

Analyses 
Medians 

Category 
Medians 

Number of 
Analyses 

37 

100 

<0.4 to 1.0 

8 

21.6 

0.1-0.8 

0.3 

0.45 

0.50 

Distribution By 
Ranges in Concentration Categories in 

Milligrams Per Liter (mgll) 
1.1 to 5.0 5.1 to 10.6 10.7 to 44 

6 9 12 

16.2 24.3 32.5 

1.1-4.8 6.0-9.7 10.7-34 

2.7 7.7 20 

2.95 7.85 22.35 

3.05 7.85 27.35 

Notes: 5.4% Exceed Primary Standard MCL of 44.3 mg/1. 
37.8% Ex<:eed Regional Average of 10.6 mg/1. 
78.4% Exceed Ambient Level of 1.0 mgll or less. 

>44.3 

2 

5.4 

54-46 

55 

55 

55 

Arithmetic 
Averages 

(mgll) 

11.8 

11.8 

Average and Median 
Concentrations 

Analyses Category 
Medians Median 
(mgll) (mg/1) 

28.1 

12.7 

14.3 
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The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for the Marble Falls aquifer. 

County(s) 
and Other 

Blanco 

Percent 
Distribution 

By Categories 

Range in 
Analyses 

Arithmetic 
Averages 

Analyses 
Medians 

Category 
Medians 

Number of 
Analyses 

11 

100 

<0.4 to 1.0 

0 

0 

0 

0 

0 

Distribution By 
Ranges in Concentration Categories in 

Milligrams Per Liter (mg/1) 
1.1 to 5.0 5.1 to 10.6 10.7 to 44 

0 7 

9.1 0 63.6 

1.8 0 11-38 

1.8 0 27 

1.8 0 24.50 

3.05 0 27.35 

Notes: 27.3o/o Exceed Primary Standard MCL of 44.3 mg/1. 
90.9o/o Exceed Regional Average of 10.6 mg/1. 
1 OOo/o Exceed Ambient Level of 1.0 mg/1 or less. 

>44.3 

3 

27.3 

70-705 

418 

388 

388 

Average and Median 
Concentrations 

Arithmetic 
Averages 

(mgll) 

131 

131 

Analyses Category 
Medians Median 
(mg/1) (mg/1) 

353 

122 

124 



The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for the Lower Trinity aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 
and Other Analyses <0.4 to 1.0 1.1 to 5.0 5.1 to 10.6 10.7 to 44 >44.3 (mg/1) (mg/1) (mg/1) 

Bandera 5 5 0 0 0 0 0.5 0.5 
Hays 8 4 3 1 0 0 2.7 3.0 
Kendall 6 4 1 0 0 5.1 14.0 
Kerr 3 3 0 0 0 0 <0.4 <0.4 

Iram M .12 .ill J.. ..5. 2. ~ 3ti 

Totals 88 58 14 8 6 2 4.3 34.6 

·Percent 
Distribution 100 65.9 15.9 9.1 6.8 2.3 

C") 
By Categories -~ Range in 
Analyses <0.4-1.0 1.1-5.0 5.9-10.0 17-44 56-69 

Arithmetic 
Averages 0.1± 3.3 6.9 24 63 4.3 

Analyses 
Medians 0.50± 3.25 7.95 30.50 62.50 4.9 

Category 
Medians 0.50 3.05 7.85 27.35 62.50 4.6 

Notes: 2.3o/o Exceed Primary Standard MCL of 44.3 mgll. 
9.1o/o Exceed Regional Average of 10.6 mg/1. 
34.1 o/o Exceed Ambient Level of 1.0 mgll or less. 



The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for the Middle Trinity aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 
and Other Analyses <0.4 to 1.0 1.1 to 5.0 5.1 to 10.6 10.7 to 44 >44.3 (mg/l) (mgll) (mg/1) 

Bandera 15 13 2 0 0 0 0.6 2.4 
Blanco 20 9 2 3 4 2 13.3 32.1 
Co mal 8 3 4 1 0 0 2.5 3.1 
Hays 36 25 9 2 0 0 1.0 3.6 
Gillespie 22 5 4 4 6 3 23.2 78 
Kendall 65 36 14 7 7 6.5 74 
Kerr 21 20 0 0 1 0 2.0 19.1 

:wm 22 ..ll lZ :z ...5. 1 2A ..llJ. 

Totals 249 143 52 24 23 7 6.3 78 

Percent 
(.""} Distribution 100 57.4 20.9 9.6 9.3 2.8 
...... 
I 
~ 

By Categories 

Range in 
Analyses <0.4-1.0 1.1-5.0 5.1-10.0 14-44 49-155 

Arithmetic 
Averages 0.1± 2.7 7.2 27 89 6.3 

Analyses 
Medians 0.50± 3.05 7.75 29.00 102 7.2 

Category 
Medians 0.50 3.05 7.85 27.35 102 7.1 

Notes: 2.8o/o Exceed Primary Standard MCL of 44.3 mg/1. 
12.1% Exceed Regional Average of 10.6 mg/1. 
42.6% Exceed Ambient Level of 1.0 mg/l or less. 



The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for rhe Upper Trinity aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 
and Other Analyses <0.4 to 1.0 1.1 to 5.0 5.1 to 10.6 10.7 to 44 >44.3 (mg/1) (mg/1) (mg/1) 

Bandera 24 15 4 3 2 0 2.7 8.0 
Blanco 12 2 6 3 0 7.2 20.6 
Hays 26 10 7 6 1 2 7.4 30.0 
Kendall 12 6 2 2 2 0 5.7 16.5 
Kerr 5 2 3 0 0 0 1.1 1.2 
Medina 8 0 5 3 0 0 4.3 5.0 

IwU M ..28. 12. .1 1. 1 ~ !iJ. 

Totals 135 63 39 20 10 3 5.1 44.1 

Percent 
Distribution 100 46.7 28.9 14.8 7.4 2.2 

(') ...... By Categories & 

Range in 
Analyses <0.4-1.0 1.1-5.0 5.1-10.2 11-43 55-88 

Arithmetic 
Averages 0.1± 2.6 7.1 24 68 5.1 

Analyses 
Medians 0.50± 3.05 7.65 27.00 72 5.8 

Category 
Medians 0.50 3.05 7.85 27.35 72 5.9 

Notes: 2.2% Exceed Primary Standard MCL of 44.3 mg/1. 
9.6o/o Exceed Regional Average of 10.6 mg/1. 
53.3% Exceed Ambient Level of 1.0 mg/1 or less. 



The following table provides the distribution of nitrate concentrations by range in concentration Categories, averages, and medians, for the Edwards Plateau aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mgll) Averages Medians Median 
and Other Analyses <0.4 to 1.0 1.1 to 5.0 5.1 to 10.6 10.7 to 44 >44.3 (mg/1) (mgll) (mg/1) 

Bandera 17 1 5 5 4 2 16.9 5.3 
Gillespie 85 26 22 10 19 8 19.9 19.2 

Km: ..1 1 2 .Q .Q .Q u .2...a 

Totals 105 28 29 15 23 10 19.0 192 

Percent 
Distribution 100 26.7 27.6 14.3 21.9 9.5 

By Categories 

Range in 

C') Analyses <0.4-0.8 1.5-5.0 5.4-10.0 11-38 48-384 -tb 
Arithmetic 
Averages 0.2± 3.2 6.8 22 129 19.0 

Analyses 
Medians 0.40± 3.25 7.70 24.50 216 28.0 

Category 
Medians 0.5 3.05 7.85 27.35 216 28.7 

Notes: 9.5% Exceed Primary Standard MCL of 44.3 mg/1. 
31.4o/o Exceed Regional Average of 10.6 mg/1. 
73.3o/o Exceed Ambient Level of 1.0 mg/1 or less. 



APPENDIX C-2 

Distribution of Fluoride Concentrations 
by Range in Concentration Categories, 

Averages ~md Medians for the Paleozoic 
and Cretaceous Aquifers 

C2-l 
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The following table provides the distribution of fluoride concentrations by range in concentration Categories, averages, and medians, for the Hickory aquifer. 

Distribution By 
Ranges in Concentration Categories in 

County(s) Number of Milligrams Per Liter (mgll) 
and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 

Blanco and 
Gillespie 37 18 13 

Percent 
Distribution 100 48.7 35.1 

By Categories 

Range in 
Analyses 0.2-0.5 0.6-1.0 

Arithmetic 
Averages 0.4 0.8 

Analyses 
Medians 0.35 0.80 

Category 
Medians 0.25 0.90 

Notes: 2.7% Exceed Secondary Standard MCL of2.0 mg/1. 
None Exceed Primary Standard MCL of 4.0 mg/1. 
16.2% Exceed Regional Average of 1.2 mg/1. 

5 

13.5 2.7 

1.7-1.9 2.4 

1.8 2.4 

1.80 2.4 

1.65 3.05 

Average and Median 
Concentrations 

Arithmetic Analyses Category 
Averages Medians Median 

>4.0 (mgll) (mg/1) (mg/1) 

0 0.8 1.3 

0 

0 

0 0.8 

0 0.8 

0 0.7 
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The following table provides the distribution of fluoride concentrations by range in concentration Categories, averages, and medians, for the Mid-Cambrian aquifer. 

Distribution By 
Ranges in Concentration Categories in 

County(s) Number of Milligrams Per Liter (mg/1) 
and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 

Blanco and 
Gillespie 10 3 4 

Percent 
Distribution 100 30.0 40.0 

By Category 

Range in 
Analyses 0.4-0.5 0.7-1.1 

Arithmetic 
Averages 0.5 1.0 

Analyses 
Medians 0.45 0.90 

Category 
Medians 0.25 0.90 

Notes: 30.0% Exceed Regional Average of 1.2 mg/l. 
20.0% Exceed Secondary Standard MCL of2.0 mg/l. 
None Exceed Primary Standard MCL of 4.0 mg/l. 

2 

10.0 20.0 

1.3 3.1-4.0 

1.3 3.6 

1.30 3.55 

1.65 3.05 

Average and Median 
Concentrations 

Arithmetic Analyses Category 
Averages Medians Median 

>4.0 (mg/1) (mg/1) (mgli) 

0 1.4 2.2 

0 

0 

0 1.4 

0 1.3 

0 1.2 
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The following table provides the distribution of fluoride concentrations by range in concentration Categories, averages, and medians, for the Ellenburger-San Saba aquifer. 

Distribution By 
Ranges in Concentration Categories in 

County(s) Number of Milligrams Per Liter (mg/!) 
and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 

Blanco and 
Gillespie 38 21 16 0 

Percent 
Distribution 100 55.3 42.1 2.6 0 

By Category 

Range in 
Analyses 0.1-0.5 0.6-1.2 1.7 0 

Arithmjetic 
Averages 0.3 0.7 1.7 0 

Analyses 
Medians 0.30 0.90 1.7 0 

Category 
Medians 0.25 0.90 1.65 0 

Notes: None Exceed Secondary Standard MCL of 2.0 mg/1 and Primary Standard MCL of 4.0 mg/1. 
2.6o/o Exceed Regional Average of 1.2 mg/1. 

Average and Median 
Concentrations 

Arithmetic Analyses Category 
Averages Medians Median 

>4.0 (mg/1) (mg/1) (mgll) 

0 0.5 0.9 

0 

0 

0 0.5 

0 0.6 

0 0.6 



The following table provides the distribution of fluoride con.:enrrarions by range in concent~ation Cuegories, averages, and medians, for the Marble Falls aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
C:ounty(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 

and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 >4.0 (mg/1) (mg/1) (mgll) 

Blanco 4 4 0 0 0 () 0.2 0.3 

Percent 

Distribution 100 100 

Ry Category 

Range in 
An;.1!yses {\ 1 () /, 

v .• -v."1 0 0 0 (• 

Arithmetic 

Averages 0.2 0 0 0 0 0.2 

n 
~ 

Analyses <), 

Medians 0.25 0 0 0 0 0.3 

Category 

Medians 0.25 0 0 0 0 0.3 

Notes: None Exceed Secondary Standard MCL of 2.0 mg/1, Primary Standard MCL of 4.0 mg/1. and Regional Average of 1.2 mg/1. 
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The following table provides the distribution of fluoride concentrations by range in concentration Categories, averages, and medians, for the Lower Triniry aquifer. 

Distribution By 
Ranges in Concentration Categories in 

County(s) Number of Milligrams Per Liter (mg/1) 
and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 

Bandera 5 0 0 
Hays 8 4 2 
Kendall 6 0 2 
Kerr 8 0 4 
Travis .@ 15. 13. 

I Totals 95 19 21 

Percent 
Distribution 100 20.0 22.1 

By Categories 

Range in 
Analyses 0.0-0.4 0.6-1.2 

Arithmetic 
Averages 0.2 0.9 

Analyses 
Medians 0.20 0.90 

Category 
Medians 0.25 0.90 

Notes: 33.7% Exceed Secondary Standard MCL of2.0 mg/1. 
8.4% Exceed Primary Standard MCL of 4.0 mg/1. 
57.9% Exceed Regional Average of 1.2 mg/1. 

2 3 
1 
4 0 
4 0 

ll 2Q 

23 24 

24.2 25.3 

1.3-2.0 2.1-3.9 

1.6 3.0 

1.65 3.00 

1.65 3.05 

Average and Median 
Concentrations 

Arithmetic Analyses Category 
Averages Medians Median 

>4.0 (mg/1) (mgll) (mg/1) 

0 2.4 2.4 
0 0.7 1.3 
0 1.5 1.6 
0 1.3 1.3 
.8. L2 2:1. 

8 1.8 2.7 

8.4 

4.2-5.3 

4.6 1.8 

4.75 1.8 

4.75 1.8 



The following table provides the distribution of fluoride concentrations by range in concentration Categories, averages, and medians, for the Middle Trinity aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
C..ounty(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 
and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 >4.0 (mg/1) (mgll) (mg/1) 

Bandera 13 0 0 0 10 3 3.2 3.6 
Blanco 22 12 3 3 3 1.0 2.1 
Co mal 8 6 2 0 0 0 0.4 0.7 
Hays 36 10 7 4 15 0 1.0 3.6 
Gillespie 22 18 3 1 0 0 0.5 0.7 
Kendall 65 27 12 14 9 3 1.3 2.6 
Kerr 28 0 4 23 1 0 1.5 1.5 
Iram .1Q .22 J.2 ~ lQ ll u 3..6 

Total 264 102 43 52 48 19 1.5 3.5 

Percent 
(') Distribution 100 38.6 16.3 19.7 18.2 7.2 
~ 

~ 

By Categories 

Range in 
Analyses 0.0-0.5 0.6-1.2 1.3-2.0 2.1-3.9 4.1-7.0 

Arithmetic 
Averages 0.3 0.9 1.7 2.8 5.0 1.5 

Analyses 
Medians 0.25 0.90 1.65 3.00 5.55 1.5 
Category 
Medians 0.25 0.90 1.65 3.05 5.55 1.5 

Notes: 25.4% Exceed Secondary Standard MCL of 2.0 mg/l. 
7.2% Exceed Primary Standard MCL of 4.0 mg/1. 

45.1% Exceed REgional Average of 1.2 mg/l. 



The following table provides the distribution of fluoride concentrations by range in concentration Categories, averages, and medians, for the Upper Trinity aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in . Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mgll) Averages Ivie<iians iviedian 
and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 >4.0 (mg/1) (mg/1) (mg/1) 

Bandera 16 4 3 4 3 2 1.7 2.4 
Blanco 16 7 5 1 3 0 1.0 1.6 
Hays 25 12 2 5 5 1 1.3 2.2 
Kendall 12 4 3 1 4 0 1.3 1.7 
Kerr 4 1 1 0 2 0 1.8 2.0 
Medina 7 7 0 0 0 0 0.1 0.1 

~ ~ lZ ll 1 12 ..i L2 ll 

Totals 128 52 27 13 29 7 1.4 2.8 

Percent 
Distribution 100 40.6 21.1 10.2 22.6 5.5 

(1 By Categories 
~ 

I 
00 

Range in 
Analyses 0.0-0.5 0.6-1.2 1.3-2.0 2.1-4.0 4.3-5.5 

Arithmetic 
Averages 0.3 0.9 1.6 2.9 4.7 1.4 

Analyses 
Medians 0.25 0.90 1.65 3.05 4.90 1.4 

Category 
Medians 0.25 0.90 1.65 3.05 4.90 1.4 

Notes: 28.i% Exceed Secondary Standard MCL of2.0 mg/l. 
5.5% Exceed Primary Standard MCL of 4.0 mg/1. 
38.3% Exceed Regional Average of 1.2 mg/l. 



The following table provides the distribution of fluoride concentrations by range in concentration Categories, averages, and medians, for the Edwards Plateau aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mgii) An:rag~s hicdi~ .. :; ~1edian 

and Other Analyses 0.0 to 0.5 0.6 to 1.2 1.3 to 2.0 2.1 to 4.0 >4.0 (mg/1) (mg/1) (mgll) 

Bandera 12 12 0 0 0 0 0.1 0.1 
Gillespie 85 81 4 0 0 0 0.3 0.5 

Km ..1 _.1 Q Q Q Q M M 

Totals 100 96 4 0 0 0 0.3 0.4 

Percent 
Distribution 100 96.0 4.0 0 0 0 

By Categories 

Range in 
n Analyses 0.0-0.5 0.6-0.8 0 0 0 
N) 

ch 
Arithmetic 
Averages 0.3 0.7 0 0 0 0.3 

Analyses 
Medians 0.25 0.70 0 0 0 0.3 

Category 
Medians 0.25 0.90 0 0 0 0.3 

Notes: None Exceed Secondary Standard MCL of 2.0 mg/1, Primary Standard MCL of 4.0 mg/1 and Regional Average of 1.2 mg/1. 



APPENDIX C3 

Distribution of Sulfate Concentrations 
by Range in Concentration Categories, 

Averages and Medians for the Paleozoidc 
and Cretaceous Aquifers 
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The following table provides the distribution of sulfate concentrations by range in concentration Categories, averages, and medians, for the Hickory aquifer. 

Distribution By 
Ranges in Concentration Categories in 

r.nnntvl..:) Nu..'!lber ~f .Milligi.ui:aoi r~, ~i~1 (mgil) - - ---- -~~ ,-, 

and Other Analyses <4 to 99 100 to 203 204 to 250 251-300 

Blanco and 
Gillespie 48 42 5 0 

Percent 
Distribution 100 87.5 10.4 0 2.1 

By Categories 

Range in 
Analyses 7-92 100-190 0 267 

Arithmetic 
Averages 41 130 0 267 

Analyses 
Medians 49.5 145.0 0 267 

Category 
Medians 51.0 151.5 0 267 

Notes: None Exceed Secondary Standard MCL of 300 mg/1. 
2.1 o/o Exceed Regional Average of 203 mg/1. 

Average and Median 
Concentrations 

Arithmetic Analyses Category 
Averages Medians Median 

>300 (mg/1) (mg/1) (mg/1) 

0 55 137 

0 

0 

0 55 

0 64 

66 



Notes: None Exceed Secondary Standard MCL of 300 mg/l. 
None Exceed Regional Average of 203 mg/l. 



The following table provides the distriburion of sulfate concentrations by range in concentration Categories, averages, and medians, for the Ellenburger-San Saba aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/l) Averages Medians Median 
and Other Analyses <4 to 99 100 to 203 204 to 250 251-300 >300 (mg/1) (mgll) (mg/1) 

Blanco and 
Gillespie 50 50 0 0 0 0 35 50 

Percent 
Distribution 100 100 0 0 0 0 

By Category 

Range in 
Analyses 8-91 0 0 0 0 

Arithmetic 
n Averages 35 0 0 0 0 35 
(.)0 

~ 

Analyses 
Medians 49.5 0 0 0 0 50 

Category 
Medians 51.0 0 0 0 0 51 

Notes: None Exceed Secondary Standard MCL of 300 mg/l and Regional Average of 203 mg/l. 



The following table provides the distribution of sulfate concentrations by range in concentration Categories, averages, and medians, for the Marble Falls aquifer. 

<4 to 99 

14 

93.3 

11-45 

22 

28.0 

51.0 

Distribution By 
Ranges in Concentration Categories in 

Milligrams Per Liter (mg/1) 
100 to 203 204 to 250 251-300 

0 0 

6.7 0 0 

136 0 0 

136 

136 

136 

Notes: None Exceed Secondary Standard MCL of300 mg/l and Regional Average of203 mg/l. 

>300 

0 

0 

0 

Arithmetic 
Averages 
(melD 

30 

30 

Average and Median 
Concentrations 

Analyses Category 
Medians Median 
{melD (ml!:/1) 

74 

35 

57 



The following table provides the distribution of sulfate concentrations by range in concentration Categories, averages, and medians, for the Lower Trinity aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
r,.. ..... .,.t .. \ Nu~bc:-of 

"l .r ... ~ - n T •. I II\ Averages .Medians Median _"_ ..... , , .... , J.Y.l.llllf:,lcUII;) I.C:I LllCl \lllg/1} 

and Other Analyses <4 to 99 100 to 203 204 to 250 251-300 >300 (mg/1) (mgll) (mg/1) 

Bandera 5 4 0 0 0 69 84 
Hays 8 5 0 0 0 3 286 535 
Kendall 6 0 3 1 1 229 248 
Kerr 8 6 2 0 0 0 68 73 
Travis {il .2.2 z .2 .2. 22 1Q1 .2.Q.2 

Totals 94 38 13 4 10 29 265 903 

Percent 
Distribution 100 40.4 13.8 4.3 10.6 30.9 

By Category 

n 
Range in t.>O a, 
Analyses 15-99 105-200 217-224 257-287 306-1790 

Arithmetic 
Averages 41 145 221 272 617 265 

Analyses 
Medians 57.0 152.5 220.5 272.0 1,048 405 

Category 
Medians 51.0 151.5 227.5 275.5 1,048 404 

Notes: 30.9% Exceed Secondary Standard MCL of 300 mg/1. 
45.8% Exceed Regional Average of203 mg/1. 



The following table provides the distribution of sulfate concentrations by range in concentration Categories, averages, and medians, for the Middle Trinity aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 
a.."ld Other AnalysG f.~- nn iGG lo 203 204 (0 150 151-300 >jUU {mgll) (mgll) (mg/1) '"'t II.U 77 

Bandera 13 0 6 0 I 6 386 860 
Blanco 36 26 3 1 0 6 268 I,456 
Co mal 8 8 0 0 0 0 27 48 
Hays 36 14 4 2 4 I2 350 704 
Gillespie 22 2I 1 0 0 0 33 55 
Kendall 65 36 I6 4 8 I 52 852 
Kerr 30 I7 I2 0 0 I 90 28I 
Travis Zl .li a 2 1 22 ill L2B.2 

Totals 281 157 50 12 7 55 252 1,681 

Percent 

C') Distribution IOO 55.8 I7.8 4.3 2.5 I9.6 
(JQ 
I 

-..J 
By Category 

Range in 
Analyses 2-96 IOI-I97 205-245 253-299 3I0-3,360 

Arithmetic 
Averages 33 I48 22I 273 976 252 

Analyses 
Medians 49.0 I49.0 225.0 276.0 I,835 430 

Category 
Medians 51.0 I51.5 227.0 275.5 I,835 43I 

Notes: I9.6o/o Exceed Secondary Standard MCL of300 mg/1. 
I6.4o/o Exceed Regional Average of203 mg/1. 



The following table provides the distribution of sulfate concentrations by range in concentration Categories, averages, and medians, for the Upper Trinity aquifer. 

Average and Median 
Distribution Ry Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 
and Other Analyses <4 to')') lUU to lOj l.o4 to 250 25i-30u >300 I II\ 

\lllgt ., {mg/!) (mg!l} 

Blanco and 
Bandera 26 7 2 15 802 1,110 
Blanco 23 16 1 0 0 6 353 930 
Hays 26 15 3 1 2 5 365 968 
Kendall 12 4 2 2 0 4 260 350 
Kerr 6 2 0 0 0 4 867 1,023 
Medina 8 7 0 0 0 1 69 218 

:w.m ~ ll .1.2. f Q _1. ill LlBZ 

Totals 149 72 27 8 3 39 360 1,187 

Percent 

n Distribution 100 48.3 18.1 5.4 2.0 26.2 

& 
By Category 

Range in 
Analyses 4-99 100-202 206-244 251-279 327-2370 

Arithmetic 
Averages 29 134 227 263 1,162 360 

Analyses 
Medians 51.5 151.0 225.0 265.0 1.349 423 

Category 
Medians 51.0 151.5 227.0 275.5 1,349 423 

Notes: 26.2% Exceed Secondary Standard of 300 mg/l. 
33.6% Exceed Regional Average of 203 mg/l. 



The following table provides the distribution of sulfate concentrations by range in concentration Categories, averages, and medians, for the Edwards Plateau aquifer. 

Average and Median 
Distribution By Concentrations 

Ranges in Concentration Categories in Arithmetic Analyses Category 
County(s) Number of Milligrams Per Liter (mg/1) Averages Medians Median 
and Other Analyses <4 to 99 100 to 203 204 to 250 251-300 >300 (mgll) (mg/1) (mg!l) 

Bandera 17 17 0 0 0 0 7 12 
Gillespie 85 84 1 0 0 0 16 66± 
Km: ..1 ..1 .Q .Q .Q .Q ll 12 

Totals 106 105 1 0 0 0 14 66± 

Percent 
Distribution 100 99.0 1.0 0 0 0 

By Category 

Range in 

n Analyses <4-70 130 0 0 0 
(,)0 

cb 
Arithmetic 
Average 13± 130 0 0 0 14 

Analyses 
Medians 36.0± 130 0 0 0 37 

Category 
Medians 51.0 130 0 0 0 52 

Notes: None Exceed Secondary Standard 
MCL of 300 mg/1 and Regional Average of 203 mg/1. 



APPENDIX D 

Estimated 1985 Ground-Water Pumpage by County, by Use Catagory, 
by Aquifer, in Acre-Feet and 

Estimated Number of Large-Capacity Wells 
Used in 1985 in the Hill Country Study Area, Texas 



Estimated 1985 Ground-Water Purnpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Bandera County 

Edwards Trinity Ellenburger- No. 
Plate:;m C'!ronn . Marble Falls San Saba Mid-Cambrian Hickory Precambrian Total Wells 

Use Category Aquifer Aquifers Aquifer Aquifer Aq.llfer Aquifer Aquifer Pwnpage Percent Used 

Major Public Supply 
•Bandera 199 199 13.3 3 

Other Public Supply 165 165 11.0 14 

Rural Domestic 
Supply 47 743 790 52.8 Unknown 

Manufacturing 

Power 

9 
~ 

Mining 24 24 1.6 Unknown 

Irrigation 89 89 6.0 12 

Livestock 23 206 229 15.3 Unknown 

Total Pumpage 
and Wells Used 70 1,426 1,496 100.0 29 

Percent 4.7 95.3 100.0 



Estimated 1985 Ground-Water Pumpage by Use Category by Aquifer in Acre-Feet 

and Estimated Number of Large-Capacity Wells Used in 1985 in Blanco County 

Edwards Trinity Ellenburger- No. 
Plateau Group Marble Falls San Saba Mid-Cambrian Hickory Precambrian Total Wells 

Use Category Aquifer Aquifers Aquifer Aquifer Aquifer Aquifer Aquifer Pump age Percent Used 

Major Public Supply 

•Johnson City1 152 152 13.9 2 

Other Public Supply 15 15 1.4 2 

Rural Domestic 

Supply 253 5 42 17 11 4 332 30.3 Unknown 

Manufacturing 

Power 

0 
~ Mining 

Irrigation 64 150 40 254 23.2 142 

Livestock 236 6 54 21 19 5 341 31.2 Unknown 

Total Pwnpage and 

Wells Used 568 11 398 38 70 9 1,094 100.0 18 

Percent 51.9 1.0 36.4 3.5 6.4 0.8 100.0 

1 Also used 58 acre-feet of surface water from the Pedernales River. 

2 Includes approximately 6 Trinity Group, 6 Ellenburger-San Saba and 2 Hickory wells. 



Estimated 1985 Ground-Water Pumpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Comal County 

Edwards Trinity Ellenburger- No. 
Plateau Group Marble Falls San Saba Mid-Cambrian Hickory Precambrian Total WeDs 

Use Category Aquifer Aquifers Aquifer Aquifer Aquifer Aquifer Aquifer Pwnpage Percent Used 

Major Public Supply 
•Canyon Lake 
Forest Utility 178 178 13.0 4 

•General Utilities 
& Development Co. 161 161 11.8 6 

•Haskin Water Supply 93 93 6.8 99 

•W&W Water Co. 292 292 21.4 14 

9 
Other Public Supply 454 454 33.2 57 

(.)0 

Rural Domestic 
Supply 55 55 4.0 Unknown 

Manufacturing 

Power 

Mining 

Irrigation 

Livestock 134 134 9.8 Unknown 

Total Pumpage and 
Wells Used 1,367 1,367 100.0 90 

Percent 100.0 100.0 



0 
~ 

Estimated 1985 Ground-Water Pumpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Gillespie County 

Trinity Ellenburger-Edwards 
Plateau 
Aquifer 

Group Marble Falls San Saba Mid-Cambrian 
Use Category Aq~fers Aquifer Aquifer Aq~fer 

Major Public Supply 

• Fredericksburg l 1,828 

Other Public Supply 7 7 39 

Rural Domestic 

Supply 287 336 7 99 8 

Manufacturing 

Power 

Mining 16 

Irrigation 103 890 376 

Livestock 160 182 5 55 5 

Total Pumpage and 
Wells Used 557 1,415 12 2,413 13 

Percent 10.8 27.6 0.2 47.1 0.3 

1 Very small amount which is included in Hickory aquifer pumpage (203 acre-feet). 

2 Includes 5 Ellenburger-San Saba wells, 2 Hickory wells and 1 Trinity Group-Hickory well. 
3 Includes 1 Edwards Plateau, 1 Trinity Group, 5 Ellenburger-San Saba, 7 Hickory and l Precambrian wells. 

4 Includes 3 Edwards Plateau, 24 Ttinity Group, 10 Ellenbmger-San Saba and 9 Hickory Wells. 

Hickory 
Aquifer 

203 

29 

82 

342 

45 

701 

13.7 

Precambrian 
Aquifer 

3 

6 

4 

13 

0.3 

Total 
Pwnpage 

2,031 

85 

825 

16 

1,711 

456 

5,124 

100.0 

Percent 

39.6 

1.7 

16.1 

0.3 

33.4 

8.9 

100.0 

No. 
Wells 
Used 

82 

153 

Unknown 

Unknown 

464 

Unknown 

69 



Estimated 1985 Ground-Water Pumpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Hays County 

Edwards Trinity Ellenburger- No. 
Plateau Group Marble Falls San Saba Mid-Cambrian Hickory Precambrian Total Wells 

Use Category Aquifer Aquifers Aquifer Aquifer Aquifer Aquifer Aquifer Pwnpage Percent Used 

Major Public Supply 
•Dripping Springs 
wsc 294 294 16.5 2 

•Wimberly WSC 363 363 20.4 5 

•Woodcreek 
Utilities 493 493 27.7 3 

Other Public Supply 24 24 1.4 5 

0 Rural Domestic 
~ 

Supply 300 300 16.9 Unknown 

Manufacturing 

Power 

Mining 

Irrigation 

Livestock 303 303 17.1 Unknown 

Total Pumpage and 
Wells Used 1,777 1,777 100.0 15 

Percent 100.0 100.0 



0 
6 

Edwards 
Plateau 

Use Category Aquifer 

Major Public Supply 
•Boeme1 

•Comfort 

Other Public Supply 

Rural Domestic 
Supply 

Manufacturing 

Power 

Mining 

Irrigation 

Livestock 

Total Pumpage and 
Wells Used 

Percent 

Estimated 1985 Ground-Water Pumpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Kendall County 

Trinity Ellenburger-
Group Marble Falls San Saba Mid-Cambrian Hickory Precambrian 

Aquifers Aquifer Aquifer Aquifer Aquifer Aquifer 

336 

217 

129 

856 

5 

132 

326 

2,001 

100.0 

1 Also used 451 acre-feet of surface water from a city lake on Cibolo Creek. 

No. 
Total Wells 

Pumpage Percent Used 

336 16.8 8 

217 10.8 5 

129 6.5 13 

856 42.8 Unknown 

5 0.2 

132 6.6 12 

326 16.3 Unknown 

2,001 100.0 39 

100.0 



Estimated 1985 Ground-Water Pumpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Kerr County 

Edwards Trinity Ellenburger- No. 
Plateau Group Marble Falls San Saba Mid-Cambrian Hickory Precambrian Total Wells 

Use Category Aquifer Aquifers Aquifer Aquifer Aquifer Aquifer Aquifer Pwnpage Percent Used 

Major Public Supply 
•Kenville1 872 872 25.3 13 

•Ingram 376 376 10.9 4 

•Kenville South 
Water Co. 235 235 6.8 4 

•Hill Country 
Utilities 197 197 5.7 21 

Other Public Supply 431 431 12.5 36 

0 Rural Domestic 
~ Supply 252 470 722 21.0 Unknown 

Manufacturing 

Power 

Mining 81 81 2.4 Unknown 

Irrigation 204 204 5.9 14 

Livestock 213 114 327 9.5 Unknown 

Total Pumpage and 
Wells Used 465 2,980 3,445 100.0 92 

Percent 13.5 86.5 100 

1 Also used 2,870 acre-feet of surface water from Quinlan Creek and the Guadalupe River. 



0 
00 

Use Category 

Major Public Supply 

Other Public Supply 

Ruraj Domestic 

Supply 

Manufacturing 

Power 

Mining 

Irrigation 

Livestock 

Total Pumpage and 
Wells Used 

Percent 

Edwards 
Plateau 
Aquifer 

Estimated 1985 Ground-Water Pumpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Medina County 

Trinity 
Group Marble Falls 

Aquifers ilquifer 

5 

78 

17 

100 

100.0 

Ellenburger-
San Saba Mid-Cambrian 
ilquifer ilquifer 

Hickory 
ilquifer 

Precambrian 
ilquifer 

Total 
Pumpage 

5 

78 

17 

100 

100.0 

Percent 

5.0 

78.0 

17.0 

100.0 

No. 
WeDs 
Used 

4 

Unknown 

Unknown 

Unknown 

4 



0 
cb 

Edwards 
Plateau 

Use Category Aquifer 

Major Public Supply 
•Apache Shores, Inc. 

Other Public Supply 

Rural Domestic 

Supply 

Manufacturing 

Power 

Mining 

Irrigation 

Livestock 

Total Pwnpage and 
Wells Used 

Percent 

E.4itimated 1985 Ground-Water Purnpage by Use Category by Aquifer in Acre-Feet 
and Estimated Number of Large-Capacity Wells Used in 1985 in Travis County 

Trinity Ellenburger-
Group Marble Falls San Saba Mid-Cambrian Hickory Precambrian 

Aquifers Aquifer Aquifer Aquifer Aquifer Aquifer 

125 

!58 6 

1,938 

108 

2,329 6 

99.7 0.3 

1 Includes 15 Trinity Group and 2 Marble Falls wells. 

No. 
Total Wells 

Pwnpage Percent Used 

125 5.4 4 

164 7.0 }7 I 

1,938 83.0 Unknown 

108 4.6 Unknown 

2,335 100.0 21 

100.0 



APPENDIX E 

Estimated Water Use in 1980 and 1985 by 

County 

(Texas Water Development Board, 1988) 

Ev-.tluation of the Ground-Water Resources of the 
Paleozoic and Cretaceous Aquifers in the 

Hill Country ofC'A:ntral Texas 
July 1992 



Evaluation of the Ground-Water Resources of the 
Paleozoic and Cretaceous Aquifers in the 
Hill Country ofCentr.al Texas 
July 1992 

Estimated Water Use in 1980 and 1985 in 
Bandera County, Texas 

Estimated Estimated 

1980 Water Use in Acre-Feet 1985 Water Use in Acre-Feet 

Water Use Ground Surface Total Ground Surface Total 

Category Water Water Use Water Water Use 

Public Supply and 
Rural Domestic 910 -0- 910 1,154 18 1,172 

Manufacturing 8 -0- 8 -0- -0- -0-
Power -0- -0- -0- -0- -0- -0-
Mining -0- -0- -0- 24 -0- 24 
Irrigation 99 439 538 89 160 249 
Livestock 303 73 376 229 55 284 

County Total 1,320 512 1,832 1,496 233 1,729 
Water Use 

Estimated Water Use in 1980 and 1985 in 
Blanco County, Texas 

Estimated Estimated 

1980 'Vater Use in Acre-Feet 1985 Water Use in Acre-Feet 

Water Use Ground Surface Total Ground Surface Total 

Category Water Water Use Water Water Use 

Public Supply and 
Rural Domestic 350 386 736 499 310 809 

Manufacturing -0- 1 -0- 1 1 
Power -0- -0- -0- -0- -0- -0-
Mining -0- -0- -0- -0- -0- -0-
Irrigation 149 76 225 254 45 299 
Livestock 387 87 474 341 85 426 

County Total 886 550 1,436 1,094 441 1,535 
Water Use 

E-1 



Water Use 

Category 

Public Supply and 
Rural Domestic 

Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total 
Water Use 

Water Use 
Category 

Public Supply and 
Rural Domestic 

Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total 
Water Use 

fo:\'aluation of the Ground-Water Resources of the 
Paleozoic and Cretaceous Aquifers in the 

Hill Country of Central Texas 
July 1992 

Estimated Water Use in 1980 and 1985 in 
Comal County, Texas 

~Estimated Estimated 

1980 \\rater Use in Acre-Feet 1985 Water Use in Acre-Feet 

Ground Surface Total Ground Surface Total 

Water Water Use Water Water Use 

920 -0- 920 1,233 -0- 1,233 
-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-
30 56 86 -0- -0- -0-

167 41 208 134 33 167 

1,117 97 1,214 1,367 33 1,400 

Estimated Water Use in 1980 and 1985 in 
Gillespie County, Texas 

Estimated Estimated 
1980 Water Use in Acre-Feet 1985 Water Use in Acre-Feet 

Ground Surface Total Ground Surface Total 
Water Water Use Water Water Use 

2,273 -0- 2,273 2,785 --0- 2,785 
505 80 585 156 117 273 

-0- -0- -0- -0- -0- -0-
-0- -0- -0- 16 --0- 16 

800 880 1,680 1,711 48 1,859 
664 497 1,161 456 456 912 

4,242 1,457 5,699 5,124 721 5,845 
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Ev-aluation of the Ground-Water Resources of the 
Paleozoic a:1d Cretaceous Aquifers in the 
Hill Country of Central Texas 
July 1992 

Water Use 
Category 

Public Supply and 
Rural Domestic 

Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

Cowtty Total 
Water Use 

Water Use 
Category 

Public Supply and 
Rura] Domestic 

Man ufactming 
Power 
Mining 
Irrigation 
Livestock 

Cowtty Total 
Water Use 

Estimated Water Use in 1980 and 1985 
Hays County, Texas 

Estimated Estimated 
1980 Water Use in Acre-Feet 1985 Water Use in Acre-Feet 

Growtd Surface Total Growtd Surface Total 
Water Water Use Water Water Use 

723 -0- 723 1,474 -0- 1,474 
-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-
-0- 42 42 -0- 54 54 

28~~ 57 339 303 62 365 

1,005 99 1,104 1,777 116 1,893 

Estimated Water Use in 1980 and 1985 in 
Kendall County, Texas 

Estimated Estimated 
1980 Water Use in Acre-Feet 1985 Water Use in Acre-Feet 

Ground Surface Total Ground Surface Total 
Water Water Use Water Water Use 

1,103 381 1,484 1,538 451 1,989 
4 3 7 5 -0- 5 

-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-

200 336 536 132 18 150 
441 98 539 326 80 406 

1,748 818 2,566 2,001 549 2,550 
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Water Use 
Category 

Public Supply and 
Rural Domestic 

Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total 
Water Use 

Water Use 
Category 

Public Supply and 
Rural Domestic 

Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total 
Water Use 

Ev-,duation of the Ground-Water Re!IOurces of the 
Paleozoic and Cretaceous Aquifers in the 

Hill Country of Central Texas 
July 1992 

Estimated Water Use in 1980 and 1985 in 
Kerr County, Texas 

Estimated Estimated 
1980 Water Use in Acre-Feet 1985 Water Use in Acre-Feet 

Ground Surface Total Ground Surface Total 
Water Water Use Water Water Use 

4,764 96 4,860 2,831 2,864 5,695 
19 -0- 19 2 5 7 
-0- -0- -0- -0- -0- -0-
-0- -0- -0- 81 -0- 81 

500 784 1,284 204 996 1,200 
433 102 535 327 80 407 

5,716 982 6,698 3,445 3,945 7,390 

Estimated Water Use in 1980 and 1985 in 
Medina County, Texas 

Estimated Estimated 
1980 Water Use in Acre-Feet 1985 Water Use in Acre-Feet 

Ground Surface Total Ground Surface Total 
Water Water Use Water Water Use 

77 -0- 77 83 -0- 83 
-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-
-0- -0- -0- -0- -0- -0-
30 150 180 17 154 171 

107 150 257 100 154 254 
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E\'aluation of lh<· Ground-W<tter Resources of the 
Paleozoic and Cretaceous Aquifers in the 
Hill Country of Central Texas 
July 1992 

Water Use 
Category 

Public Supply and 
Rural Domestic 

Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total 
Water Use 

Estimated Water Use in 1980 and 1985 in 
Travis County, Texas 

Ground 
Water 

1,555 
-0-
-0-
-0-
-0-

132 

1,687 

Estimated 
1980 Water Use in Acre-Feet 

Surface Total 
Water Use 

2,426 3,981 
-0- -0-
-0- -0-
-0- -0-
-0- -0-

116 248 

2,542 4,229 

E-5 

Estimated 
1985 Water Use in Acre-Feet 

Ground Surface Total 
Water Water Use 

2,227 5,405 7,632 
-0- -0- -0-
-0- -0- -0-
-0- -0- -0-
-0- -0- -0-

108 94 202 

2,335 5,499 7,834 



APPENDIX F 

Projected Water Demands for 1990,2000, and 2010 
by County 

(Texas Water Development Board, 1988) 

E,·,lluation of the Ground-Water Re!IOurcc• of the 
Paleozoic and Cretaceous Aquifers in the 

Hill Country of Central Texas 
July 1992 



ho•luation of the Ground-Water Resources of the 
Paleozoic and Cretaceous Aquifers in the 
Hill Countrv of(:C,ntrdl Texas 
.July 1992 ' 

Water Demand Catagory 

Public Supply and 
Rural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total Water Demands 

Water DemandCatagory 

Public Supply and 
Rural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total Water Demands 

Water Demand Catagory 

Public Supply and 
Rural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total Water Demands 

Projected Water Demands For 1990, 2000, and 2010 
in Bandera County, Texas 

Projected Water Demands in Acre-Feet 
1990 2000 2010 

2,666 3,429 
12 15 
-0- -0-
-0- -0-

213 217 
440 506 

3,331 4,167 

Projected Water Demands For 1990, 2000, and 2010 
in Blanco County, Texas 

3,966 
17 
-0-
-0-

219 
506 

4,708 

Projected Water Demands in Acre-Feet 
1990 2000 2010 

1,340 1,803 
2 2 

-0- -0-
6 12 

218 222 
556 639 

2,122 2,678 

Projected Water Demands For 1990, 2000, and 2010 
in Comal County, Texas 

2,267 
3 

-0-
9 

224 
639 

3,142 

Projected Water Demands in Acre-Feet 
1990 2000 2010 

1,310 1,847 2,272 
-0- -0- -0-
-0- -0- -0-
-0- -0- -0-

116 117 119 
245 283 283 

1,671 2,247 2,674 
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Water Demand Catagory 

Public Supply and 
Rural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
livestock 

Projected Water Demands For 1990, 2000, and 2010 
in GiUespie County, Texas 

b•.tluation of the Ground-Water Re50urces of the 
Paleozoic and Cretaceous Aquifers in the 

Hill Country of Central Texas 
July 1992 

Projected Water Demands in Acre-Feet 
1990 2000 2010 

3,719 4,523 5,029 
776 1,044 1,330 

-0- -0- -0-
6 12 9 

1,374 1,395 1,413 
1,347 1,535 1,535 

County Total Water Demands 7,222 8,509 9,316 

Projected Water Demands For 1990, 2000, and 2010 
in Hays County, Texas 

Water Demand Catagory 

Public Supply and 
Rural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total Water Demands 

Water Demand Catagory 

Public Supply and 
Rural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
Livestock 

County Total Water Demands 

Projected Water Demands in Acre-Feet 
1990 2000 2010 

1,273 2,035 
-0- -0-
-0- -0-

-0- -0-

75 77 
399 459 

1,747 2,571 

Projected Water Demands For 1990, 2000, and 2010 
in Kendall County, Texas 

2,828 
-0-
-0-
-0-
77 

459 

3,364 

Projected Water Demands in Acre-Feet 
1990 2000 2010 

3,158 3,974 4,571 
11 13 17 
-0- -0- -0-
6 12 9 

601 610 618 
630 722 722 

4,406 5,331 5,937 
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E\'alualion of lhe Ground-Wal.Cr Reoources of lhc 
Paleozoic and Cre1.01ceous Aquifers in 1he 
Hill Counlry ofC<·nlro~l Texas 
July 1992 

Projected Water Demands For 1990, 2000, and 2010 
in Kerr County, Texas 

Projected Water Demands in Acre-Feet 
Water Demand Catagory 1990 2000 

Public Supply and Rural Domestic 8,425 10,793 
Man ufactming 
Power 
Mining 
Irrigation 
livestock 

County Total Water Demands 

27 38 
-0- -0-
6 12 

816 828 
621 709 

9,895 12,380 

Projected W~Lter Demands For 1990, 2000, and 2010 
in Medina County, Texas 

2010 

12,467 
49 
-0-
9 

839 
709 

14,073 

Projected Water Demands in Acre-Feet 
Water Demand Catagory 

Public Supply andRural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
livestock 

County Total Water Demands 

1990 

123 
-0-
-0-
-0-
-0-

214 

337 

2000 

138 
-0-
-0-
-0-
-0-

248 

386 

Projected w·ater Demands For 1990, 2000, and 2010 
in Travis County, Texas 

2010 

156 
-0-
-0-
-0-
-0-

248 

404 

Projected Water Demands in Acre-Feet 
Water Demand Catagory 

Public Supply and Rural Domestic 
Manufacturing 
Power 
Mining 
Irrigation 
livestock 

County Total Water Demands 

1990 

8,355 
-0-
-0-
-0-
-0-

248 

8,603 

F-3 

2000 2010 

11,442 13,824 
-0- -0-
-0- -0-
-0- -0-
-0- -0-

248 248 

11,690 14,072 


